We have previously reported that primitive normal hematoprogenitors. In contrast to the LTC-IC, CFC were consistently amplified in cultures initiated with CML-derived poietic cells detectable as long-term culture-initiating cells (Ph-LTC-IC) are present at high levels in the blood of some CD34 "
C
or during the period of endogenous hematopoietic recovery HRONIC MYELOID leukemia (CML) is a hematologic malignancy that is believed to arise in a hematopoietic that follows myelo-reductive therapy 15 and include cells with stem cell with lymphoid and myeloid differentiation potenfunctional properties associated with stem cells; ie, cells with tial. 1 The disease is characterized biologically by the deregutransplantable hematopoietic regenerative potential 16 and lated overgrowth of the marrow by a multilineage clone of that are able to produce in vitro colony-forming cells (CFC) cells, all of which are marked by the presence of a novel for at least 5 weeks in cocultures containing adherent stromal BCR-ABL fusion gene. 2 The formation of this new gene cell feeder layers. 10, 14 The latter are referred to as long-term usually involves a reciprocal translocation between the long culture-initiating cells (LTC-IC). 17 In addition to Ph 0 LTCarms of chromosomes 9 and 22 leading to the formation of IC, variable numbers of Ph / LTC-IC are also found in the a unique chromosome identified as the Philadelphia chromomarrow and blood of CML patients. 13, 14 However, at all later some (Ph). 3 The transcription of the BCR-ABL gene leads stages of myeloid differentiation Ph / cells typically predomito the synthesis of a new protein that has been shown to nate. 14, 18 have transforming properties in a variety of model systems. [4] [5] [6] [7] [8] [9] Normal and leukemic LTC-IC are not readily distinIn patients, a marked expansion of the leukemic (Ph / ) clone guished with respect to their expression of most surface is accompanied by an excessive production of mature granumarkers thus far examined. These include CD34, CD71, locytes and a concomitant suppression of normal hematopoi-CD38, and Thy-1, whose upregulation or downregulation esis. Nevertheless, a residual population of primitive normal has been associated with a primitive state in analyses of (Ph 0 ) cells persists in many patients. [10] [11] [12] [13] 
LTC-IC activity was consistently lost
the mixing experiments reported in Table 6 .
(no detectable LTC-IC activity in cultures from three patients, ie, a ú1,000-fold decrease, with an É50-fold reduction measured in the fourth case). CML cells could also be expanded under these conditions Because we had previously found that different cytokine and, if so, whether this would be accompanied by an increase combinations are required to maximize the in vitro expansion or decrease in Ph 
CD38
0 cells was investigated.
Heparinized blood samples were obtained with informed consent
However, as shown in Table 2 , the same rapid loss of from nine CML patients undergoing routine hematologic assessment. can give rise to small numbers of CFC within 10 days under these culture conditions because such cells would represent
Cells were incubated in a serum-free medium containing FL and SF at 100 ng/mL each, and IL-3, IL-6, and G-CSF at 20 ng/mL each. a population too small to be detected by the level of discrimi-* All LTC-IC numbers in this study were determined by dividing the nation possible by cytogenetic analysis of individual colototal CFC detected in the 6-week-old LTC-IC assay cultures by 8 aliquots of cells from the first two patients studied in Table   colonies analyzed. Table 4 (no. ‡ b experiment was set up with a separately thawed aliquot of cells 5) were used. The results obtained (Table 6) show no evi- Table 6 .
(nos. and 2) and the first patient studied in
taining the same five-cytokine cocktail (FL, SF, IL-3, IL-6, and G-CSF) used in the described experiments previously. Conversely, the presence of CD34 / CD38 0 cells from normal whether an expansion of the normal (Ph 0 ) LTC-IC seen in marrow had no salvaging effect on the concomitant rapid some CML blood samples 14 
CD38
0 cells defined culture conditions (Table 4) , although the expansion isolated from these samples are shown in Tables 4 and 5 , respectively. All of these cultures contained the same fivecytokine cocktail used in the experiments described in Table   Table 5 IC declined slightly and, in the fifth case (no. 9), where again Table 4 .
and, unexpectedly, in every case, were predominantly Ph layers. 10, 29 Under either of these conditions, which do not involve the provision of exogenous soluble cytokines, norFinally, the present experiments draw attention to the possibility of using cell separation in combination with defined mal LTC-IC are maintained at input levels for 7 to 10 days, but do not expand. The fact that a marked loss of LTCculture conditions to improve current culture-purging approaches to reducing the leukemic stem cell burden in CML IC activity can also be demonstrated when Ph / LTC-IC are cultured in highly purified form and at low cell densities autotransplants. 27,28 A procedure that involves a significant reduction in the number of cells to be cultured and, hence, suggests that this abnormal behavior is intrinsically determined and not readily modulated by extracellular factors, the volumes to be handled could greatly facilitate the development of more widely applicable, safer, and cheaper closed including those involved in the interactions such cells have with stroma. 35 systems for the routine manipulation of such transplants. The added advantage of being able to simultaneously amplify the The mechanism underlying the loss of LTC-IC activity exhibited by cultured Ph / cells has not yet been determined. normal stem cell content of the graft while purging residual CML stem cells would also be particularly attractive for use For example, whether the loss of this activity is associated with cell death or, alternatively, with a change in proliferain patients where the starting population of normal stem cells may be limiting 13 or where a gene transfer procedure is tive potential, acquisition of an ability to proliferate in methylcellulose and/or cytokine responsiveness are all questions envisaged. that will need to be addressed in future studies. Some groups have obtained evidence to indicate that the BCR-ABL gene ACKNOWLEDGMENT product can confer an increased resistance to the apoptotic The excellent technical assistance of W. Dragowska and G. response that is normally induced by factor deprivation [36] [37] [38] Thornbury for cell sorting and G. Shaw for performing the cytogeand others have suggested that CML cells may be characternetic analyses is gratefully acknowledged. The authors also thank ized by a tendency to differentiate prematurely. 39, 40 We have 
